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AP® STATISTICS 

2018 SCORING GUIDELINES
  

Question 6 

Intent of Question  


The primary goals of this question were to assess a student’s ability to (1) describe what constitutes a Type II 
error for a specific hypothesis test; (2) specify a rejection region in terms of values of the sample mean; (3) 
compute the power of a test for a specific value in the alternative hypothesis; (4) recognize the definition of 
power; and (5) understand the impact of increasing the sample size on the power of a test.  

Solution 

Part (a): 

A Type II error occurs when the alternative hypothesis is true, but the null hypothesis is not rejected. In this 
situation a Type II error would happen if the mean systolic blood pressure of the population of employees is 
greater than 122 mmHg, but the null hypothesis that it is 122 mmHg is not rejected. In other words a Type II 
error would happen if the mean blood pressure for the population of employees is higher than the national 
average, but the test does not conclude that it is higher. 

Part (b): 

The test is one-sided and the standard deviation is known, so the null hypothesis will be rejected if the test 

statistic
x - µ

 z = 0 > 1.645
 
n


. With µ = 122,  = 15, and n = 100,  we get x - 122 > 1.645
1.5 

. Therefore,

x > 124.4675.
	

Part (c): 

If the actual population mean is 125, with  = 15 and n = 100,  then the sampling distribution of x is 

approximately normal with mean of 125 and standard deviation 15  = 1.5
100 

.  Therefore, 

 x - µx 124.4675 - 125 P( x > 124.4675) = Pi > i = P z( > -0.355) = 0.64. 
  x 1.5 

 

Part (d): 

The probability found in part (c) is called the power of the test. 

Part (e): 

If the sample size is increased from 100 to something larger, the probability of rejecting the null hypothesis 
when the population mean is 125 will be higher than it is for a sample of size 100. Intuitively, more data 
provide a higher probability of a correct conclusion. The technical explanation is that the rejection region will 
still be z > 1.645,  but the sampling distributions of the sample mean will have a smaller standard deviation; 
therefore, the minimum value of x  for which we would reject the null hypothesis would be lower and, in 
return, the probability the null hypothesis is rejected will increase. 
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Question 6 (continued) 

Scoring 


This question is scored in three sections. Section 1 consists of part (a) and part (b), section 2 consists of part (c), 
and section 3 consists of part (d) and part (e). Sections 1, 2, and 3 are scored as essentially correct (E), partially 
correct (P), or incorrect (I). 

Section 1 is scored as follows: 

Essentially correct (E) if the response satisfies the following four components: 
1.		 Part (a) includes in the description of a Type II error the fact that the alternative hypothesis is true, 

either generically or in context of the situation. 
2.		 Part (a) includes in the description of a Type II error the fact that the null hypothesis is not rejected, 

either generically or in context of the situation. 
3.		 Part (b) includes a correct z-score for the upper 5 percent tail and indicates the correct direction for 

the rejection region. 
4.		 Part (b) includes µx = 122 ,  x = 1.5, and the resulting x  value.

Partially correct (P) if the response satisfies only two or three of the four components. 

Incorrect (I) if the response does not meet the criteria for E or P. 

Notes: 
• 	 If the response in part (a) does not include context, the number of components satisfied is reduced  

by one (that is, from four to three, or from three to two, and so on). Context includes a reference to 
units, to blood pressure, to employees, etc. 

• 	 If a response in part (a) is clearly referring to an individual’s blood pressure as opposed to the mean 
blood pressure of all employees, neither components 1 nor 2 are satisfied. 

Section 2 is scored as follows: 

Essentially correct (E) if the response satisfies the following three components: 
1.		 Recognizes that the null hypothesis will be rejected when x >= 124.4675,  as found in part (b). 
2.		 Provides the correct sampling distribution for the sample mean when the true mean is 125, including 

correct values for the mean and standard deviation, either explicitly or by plugging them into the test 
statistic formula. 

3.		 Provides evidence of using the normal curve and finds the correct probability value. 

Partially correct (P) if the response satisfies only two of the three components. 

Incorrect (I) if the response does not meet the criteria for E or P. 

Notes: 
•  Components 1 and 3 can still be satisfied if errors made in finding the rejection region in part (b) are 

carried into part (c). 
•  A calculator statement that does not include labels for input values does not satisfy component 2 but 

may still satisfy components 1 and 3. 
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Question 6 (continued) 

Section 3 is scored as follows:  

Essentially correct (E) if the response satisfies the following four components: 
1.		 Part (d) specifies power as the name of the probability. 
2.		 Part (e) correctly states that the probability would be greater.  
3.		 Part (e) correctly implies that the standard deviation of the sampling distribution decreases, either 

explicitly or by substituting values into a formula. 
4.		 Part (e) indicates the minimum value of x  for which the null hypothesis is rejected decreases, either 

explicitly or by substituting values into a formula. 

Note: Component 4 can still be satisfied if a response indicates that a maximum value of x  for which the null 
hypothesis is rejected increases if this direction is consistent with answers in parts (b) and (c). 

Partially correct (P) if the response satisfies only two or three of the four components. 


Incorrect (I) if the response does not meet the criteria for E or P. 
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4 Complete Response 
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Question 6 (continued) 

Three sections essentially correct 

3 Substantial Response

   Two  sections  essentially  correct  and  one  section  partially  correct 

2 Developing Response

   Two  sections  essentially  correct  and  no  sections  partially  correct 
OR 

   One  section  essentially  correct  and  one  or  two  sections  partially correct 
OR 

   Three  sections  partially  correct  

1 Minimal Response 

One section essentially correct 
OR 

   No  sections  essentially  correct  and  two  sections  partially  correct 
OR 

Sections 1 and 2 incorrect, and section 3 partially correct with exactly three of the 
four components satisfied 

OR 
Section 1 partially correct with exactly three of the four components satisfied, and 
sections 2 and 3 incorrect 
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STATISTICS 


SECTION II 

PartB 

Question 6 

Spend about 25 minutes on this part of the exam. 

Percent of Section II score-25 

Directions: Show all your work. Indicate clearly the methods you use, because you will be scored on the 
correctness of your methods as well as on the accuracy and completeness of your results and explanations. 

6. Systolic blood pressure is the amount of pressure that blood exerts on blood vessels while the heart is beating. 
The mean systolic blood pressure for people in the United States is reported to be 122 millimeters of mercury 
(mmHg) with a standard deviation of 15 mmHg. 

·-

The wellness_ department of a large corporation is investigating whether the_ mean systolic blood pressure of 
its employees is greater than the reported national mean. A random s.ample of.100 employees will be selected, 
the systolic blood pressure of each employee in the sample will be measured, and the sample mean will be 
calculated. 

Let µ represent the mean systolic blood pressure of all employees at the corporation. Consider the following 

hypotheses. 

H
0
: µ = 122. 


H 
a :µ> 122 


(a) Describe a Type II error in the context of the hypothesis test 

jou ('('"'1\ tr,_:0,-.,\..-J feei\\ ·to 

if 1S , '\A ve,.,l·.,t _t falst-

\\h,.G--hov- a 1yr-- ii,,. errof 
1 

t1"--f- rt...v"t ·, i
i;thJ.-"1 

to h\n\/., fte.i 


Unauthorized copying or reuse of 
·any part o_f this page Is illegal. 
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(b) Assume that er, the standard deviation of the systolic blood pressure of all employees at the corporation, is
15 mmHg. Ifµ = 122, the sampling distribution of x for samples of size 100 is approximately normal with 
a mean of 122 mmHg and a standard deviation of 1.5 mmHg. What values of the sample mean x would
represent sufficient evidence to reject the null hypothesis at the signifi.cance level of a = 0.05 ? 

() ( & 2: b{.ea.\,\s.t Q'"' . is 
r;novJr. _ 

x - n,1..
 
/ ''f 

The actual mean systolic blood pressure of all employees at the corporation is 125 mmHg, not the hypothesized 
value of 122 mmHg, and the standard deviation is ls'mmHg. 

-- 

tr :: }) 

kc.J, , 

(c) Using the actual mean of 125 mmHg !illd the results from part (b), determine the probability that the null 
hypothesis will be rejected. 

i lt w,,,M 1\L. pk, \,ato -thl, tif 
llg I 

rlU,.  redt- )'"l.. '1 · 4(l t?< \,·,k, \\: 

A;.-:- \1.$" 2 . ·---· ---------- :;-o, 3ff 

v)< . n, ; l·S" 
'fi'Gg 

via 
t-ec.hp,';; lej, 

us'tr') he. 
/

te 

loA2.. 
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(d) What statistical term is used for the probability found in part ( c) ?
`

rn p-owe,v ; tu, r"g ha,\;. \ i.ty 
<t.Nre t, ty Y'tj.e(,.'t tl, fa,ie 

 

 
 

<; .'- ti (J. 

(e)	` Suppose the size of the ,sample of employees to be selected is greater than 100. Would the probability of 
reJecttng the null hypothes1s be greater than, less than, or equal to the probability calculated in part (c) ? 

_
Explam your reasonmg : _ 

wo.,.J,J. i•n,,;,-e &-✓J.t I 

,ait \u w\\\ als•o 

V- u;n Jet:.rtc,._,1;< ,., V\keA _.so, fl<.. 
)( 

1- .,,l t"s•
(o-'Ase.4Wvnt1y , the 


J.q_t. \1(.(,,.,ae [ n--o l{'·e. Y"\tgc.,:hve ) 0t y.J 

Gt . o'¥,\v.,J\,nj 

rnea11'\ \,,, 
" 
aY\ 
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STA'l'ISTICS 
SECTION II 

PartB 
·Question6 

Spend about 25 minutes on this part of the exam. 
Percent of Section II score-25 

Directions: Show all your work. Indicate dearly the methods you use, beci:iuse you will he scored on the 
· correctness of your methods as well as on the accuracy and completeness o( y9ut results and explanations •. 

6 ..
Systolic blood pressure is the ammmtof pressure that blo<;id. exerts on blood -vesseis while the h6art; is beating . 
_The mean, systolic bloocl fltessqre for people in the United States is·rt!ported t<J be 122 millimeters of mercttry. · ... (m,m.Hg) witii. a standarcl deviation ofJ S iDmHg : ...< · .·.·. . _ . . --. ,. . . . .: . . 

r

.
• Tije weitheis'pepartm1b1t{9f\ 'iarge c6i,pofatioi(is hiyestig;tifi W.l!elliei:thittlean-s-ysto\iqbfoo&:ptessure of. : . 
:ifs e_i:µplbye.es-is·,great'¢tµiaµ the.r¢ported national i:rlean. A randomsami>J e 9fl(l0Jmiployees will be selected· . 'ru:syul:toli ted1.,blooct.ih:essUftotea9h 'e1Dpl9yee:0 the sawple, will:5em'¢as#e1I·and,the-iapplf'piian willbe . ' 
Let µ repi-esen( the mean systolic .blood ptessure of all_ emJ?loyees at the corporaticm Consider the following 
hypotheses .. 

_. 

· 1fo:;·Jf:sJi':f 
11,.: : .ft: > 122 

{a) ')?escribe'a 'fypeITerfor inthe·context of'the hJPothesis tt!s't. 

:A ·:_::tyff '.Jt · er·ro> -·w.oJd .· :be ,: aJ,fthy 
·.. · · i ·· · bl c.1· .. •. -su-<.l,-·,.. __ ,\ . . mea ··<-,L\gJ.,.1tz·-. ·"·. -·1nes- ·· -tt\L. -

-tf"G..h 
..i ,.,. .... ll wk -'u. .i'1,. . . -6 . ·l-'' ..-:n . . ·. :r-2 

, J 

. ;·b.we -.. :\1:-i'"',mhg -
'I 

.

.

·
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(b) Assume that a, the standard deviation of the systolic blood pressure of all employees at the corporation, is 
15 rnmHg. If µ = 122, the sampling distribution of x fot samples of size 100 is approximately normal with 
a mean of 122 mmHg and a standard deviation of 1.5 mmHg. What .values of the sample mean 'x would· represent sufficient evidence to reject the null hypothesis at the significance level of a = 0.05 ? 

/4n ;: 
◊ 

-·· 
." ,.s )( - 1·?..2 

i½ , • "S 
11,L · · d<._ •.\. 

, o.,xs, ·24-<-f""l-,.. .. Hg 
l,C..t.\s 

The actual mean sysfoiic :bfood'ptess¥e qf'WJ ep:ipl9rees'ia( the. con,orav@Js lf5 tn,fung,·i:i.ot tµe hypothesizid. . .
value of 122 minHg; and tllestandard deviatfor  is 15,n:ib:u-Ig; 

= 
- (j /3 $ ,J,

(c) Using the a6tual eaji ofi2s' rkuig and teslll.ts part (p), determine tpe pfobahilitythatthe nhll 
· hypoijiesls wµI•bt!_:1;ejectt;d-· ·(J :::is ::, f, ·s . · 

' . .. . '· -

i24-"'.-:?- 13-5 , 
 -,· 
 , , , , ,', 
 1,,,'
·.·,,
t = 


. 

, 

. I .S 
·
P.:. .. . .  

ld. ,·· ,. i117fJ 

in riie ff6rii
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·. (d) What statistical tenn is. used for the probability found in part ( c) ? 

. the 

.


":  tf  ::\t; t)t(.J>·2 ,\i0:ff b 
·, -, 

. 
ti,._· : . - - - .. _. .. . i' .·j -

1h<.

_-'-- .. -: ._ ... mb-----_aL/··_(;5_. 

(e) · Suppose the size of the sample of employees to be selected 1s greater than 100, Would the probability- of 
rejecting the null hypothesis be greater than, less than, or equal to the probability calculated in part·(c)? . .Explain your reasoning. 

.. .. ·_•..· ·-_ . _- ..... , .· -.·- u·.• +k- kJal 
. 

. T P. _Mone.' ' e":'r_loyees-- . one : SQ,-r Ii ,, ' .. : $ ..·. ·, 

·71,;> 
 . "• vc.. i) , .. 

, 


- , . ,.

i
. 
d . .•· .
 · 
. 


f:::;f(: it/.: !' "'Jf .: .½
¾;
·
. 

':,' we):


1:" l .'
_.1:./
µol
. . 

J _:l __ .,-'!71'-_ .· :_ _ ...  _,n ·w (
.. -:
 ·
'
 '., 
-,'l·-:,·,, . _ ,. ._
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6. Systolic blood pryssure is the amount of pressure that blood exerts on blood vessels while the heart is beating.The mean systolic blooq pressure for people in the United States is reported to be 122 millimeters of mercury (mmH_g) with a stan?-ar.d deviation of 15_ mm.Hg.
_.

Ttie W¢Jlri;s depiirbne1it ..9f a. lru:ge c6rporation is in".estigating wh,cl:iicr· the mcan systolic blood _pressure of its. emplQye,es is gre_ater tliai\_ the reported nati?o.al mean. A t3?dom sa.mple ,of IOQ emPl?yees will pe selected,tlie_ systoIrc:blood pressure of each employee 1n the sample wtll qe measureo, and the sample mean will be 
·calculated;
Let µ represent the me_an systolic broo·a pressure· of all employees at the corporation. Consider the following 
hyp<:,theses. 

H
0
': µ == 122 

'Ha : µ > i22 
. ' 

··,·: ..... 

(a) -Describe a Type II error i.ii:the context of the hypothesis test. 

L 

"\: ., \ . ''. 

J 4..yp<--1L pfili\ 


l{\ -fYYS 


(til\L,\u.c\:,-ng 

I I : • '. •  .  

. o\.- .. 9-\\ S_'(r-fb\1ee). '" ·-9reg-\{::y; o.) , _-r"1c. , 
. 

(epcrf-e. d 
' .... •. ..

(\<A-\\;,;<\\ medn : eve(I fh{)ug h it 
the- q\d\-\\t)'{\6_\ JV\n,,le<:th, 

STATISTICS 

SECTION II 

PartB 


Question6 
Spend about 25 minutes on this ·part of the exam. 

Percent of Section II score-25 

Directions: Show all your work. Indicate cle_arly the methods you use, because you will be scored on the correctness of your methods as well as on the accuracy and completeness of your results and explanations. 

_
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(b) Assume that o-, the standard.deviation of the sy"stolic blood pressure of all employees at the corpora:tion, is15 mmHg. Ifµ = 122, the sampling distribution of x for samples- of size 100 is apptox.imately nonnal with. .a mean of 122 mmHg and a standard deviation of 1.5 mrnHg. What values of the sample mean i would ..represent sufficient evidence to reject the null hypothesis at the·significance level of a = 0.05 ?
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.

'125-mmhg; not "the hypothesized·· 
 ..
valueThe actual meari systolic ·1,1q9.d priss'.ute·of 122 ihmHg, and'the-'staiidarcfcleviation: in5 m.ml:Ig,.. . . ·:i • ··,': . ·:""' .":_ . -_ ; . -.: ·:· :t .-:, !. ,;,:1 :_' ,
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nn\\ 
 hy
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-;,----


. •, ,· ... _- I·.. . , _--· ·. , •. . . : · ). , , ·. . . . ' . . . 

the.nu1i . (c) Using the , 11ctµal mean" of -lt,5)nmHg ands w1ll b_ te{td<. ·- : hypothesi
 4te resultffroin: part (b), determine the probability tliat.. . ·
 . . . 
 . 
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(d) What statistical term is used for the .probability found ip prut ( c) ? 
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(e) S11ppose the size of the:Sample (?f employees to be selected is greater,than 100. Would the probability of 
rejecting the_ ·_null hypothesis be greater than, less :than, Qr equal to the probability calculated i.n pa,rt (c) ? 
Explain your·reasoning. 
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Question 6 

Overview 

The primary goals of this question were to assess a student’s ability to (1) describe what constitutes a Type II 
error for a specific hypothesis test; (2) specify a rejection region in terms of values of the sample mean; (3) 
compute the power of a test for a specific value in the alternative hypothesis; (4) recognize the definition of 
power; and (5) understand the impact of increasing the sample size on the power of a test. 

Sample: 6A 
Score: 4 

In part (a) the response indicates that a Type II error occurs when the alternative hypothesis is true, the population 
mean systolic blood pressure is greater than 122, which satisfies component 1 of section 1. The response also 
indicates the results of the hypothesis test are to fail to reject the null hypothesis, that the population mean blood 
pressure is equal to 122, which satisfies component 2 of section 1. In part (b) the response recognizes that because 
the population standard deviation is given, the normal distribution is appropriate for this problem and provides the 
correct standard normal value for the upper five percent, which satisfies component 3 of section 1. The correct 
population mean of 122 and standard deviation of the sampling distribution of 1.5 are clearly labeled as the values 
used in the correct calculations of sample mean values that would reject the null hypothesis, which satisfies 
component 4 of section 1. Because all four components are satisfied, section 1 was scored as essentially correct. In 
part (c) the response clearly indicates the probability provided is the probability of getting a sample mean higher 
than the value found in part (b), which satisfies component 1 section 2. The response provides a clear indication that 
the population mean used for the calculation is the new value of 125 and that the standard deviation of the sampling 
distribution is 1.5, which satisfies component 2 of section 2. The response indicates a use of the normal distribution 
to obtain the correct probability, which satisfies component 3 of section 2. Because all three components are 
satisfied, section 2 was scored as essentially correct. In part (d) the response correctly indicates that the name of the 
probability found in part (c) is power, which satisfies component 1 of section 3. In part (e) the response correctly 
states that the probability found in part (c) will increase if sample size increases, which satisfies component 2 of 
section 3. The response indicates that increasing the sample size will decrease the standard deviation of the sampling 
distribution, which satisfies component 3 of section 3. The response also indicates that the value found in part (b) 
will decrease if the sample size increases, which satisfies component 4 of section 3. Because all four components are 
satisfied, section 3 was scored as essentially correct. Because three sections were scored as essentially correct, the 
response earned a score of 4. 

Sample: 6B 
Score: 3 

In part (a) the response indicates that a Type II error occurs when the alternative hypothesis is true, the population 
mean systolic blood pressure is greater than 122, which satisfies component 1 of section 1. The response also 
indicates the results of the hypothesis test are to fail to reject the null hypothesis, the population mean blood pressure 
is equal to 122, which satisfies component 2 of section 1. In part (b) the response correctly indicates the standard 
normal critical value as 1.645 and uses a drawing to indicate the area that the values would reject the null hypothesis 
is on the upper tail, which satisfies component 3 of section 1. The response indicates the correct population mean of 
122, uses the correct standard deviation of 1.5, and provides the correct value for the minimum value to reject the 
null hypothesis, which satisfies component 4 of section 1. Because all four components are satisfied, section 1 was 
scored as essentially correct. In part (c) the response indicates with a drawing that the probability being calculated is 
the probability greater than the value found in part (b), which satisfies component 1 of section 2. The response 
indicates the correct population mean of 125 and standard deviation of 1.5, which satisfies component 2 of section 2. 
The response indicates the use of the t distribution, rather than the normal distribution, to calculate the probability 
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Question 6 (continued) 

indicated, which does not satisfy component 3 of section 2. Because only two of the three components are satisfied, 

section 2 was scored as partially correct. In part (d) the response correctly indicates that the name of the probability 

found in part (c) is power, which satisfies component 1 of section 3. In part (e) the response correctly states that 

when the sample size is increased, the probability from part (c) will increase, which satisfies component 2 of 

section 3. Although the response does not indicate for which distribution the standard deviation decreases in words, 

the response indicates the standard deviation of the sampling distribution in symbols within the explanation, which 

satisfies component 3 of section 3. The response does indicate that the minimum value that rejects the null 

hypothesis, found in part (b), will decrease when sample size increases, which satisfies component 4 of section 3. 

Because all four components are satisfied, section 3 was scored as essentially correct. Because two sections were 

scored as essentially correct, and one section was scored as partially correct, the response earned a score of 3. 

 Sample: 6C 

Score: 1 

In part (a) the response is describing Type I error rather than Type II error. The response does not indicate that the 

alternative hypothesis is true, the population mean systolic blood pressure is actually greater than 122, which does 

not satisfy component 1 of section 1. The response does not indicate that the test fails to reject the null hypothesis 

that the population mean systolic blood pressure is equal to 122, which does not satisfy component 2 of section 1. 

In part (b) the response indicates that the critical value for the area for which the null hypothesis is rejected is the 

lower five percent of the t distribution, which does not satisfy component 3 of section 1. The response does indicate 

the correct population mean of 122, standard deviation of 1.5, and the corresponding sample mean value consistent 

with the work shown, which satisfies component 4 of section 1. Because only one of four components is satisfied, 

section 1 was scored as incorrect. In part (c) the response indicates the probability calculated is a probability less 

than the value found in part (b). The response satisfies component 1 of section 2 because finding the probability in 

the lower tail is consistent with the response in part (b). The response indicates the correct population mean of 125, 

but the standard deviation used in the calculations is 15 rather than 1.5, which does not satisfy component 2 of 

section 2. The response uses a t distribution in part (b) and then continues with the t distribution in part (c) to find 

the corresponding probability based on the work provided, which satisfies component 3 of section 2. Because two of 

the three components are satisfied, section 2 was scored as partially correct. In part (d) the response does not 

correctly identify the name of the probability found in part (c) as power, which does not satisfy component 1 of 

section 3. The response indicates that the probability found in part (c) will increase if the sample size increases, 

which satisfies component 2 of section 3. The response indicates that the standard deviation of the sampling 

distribution will decrease if sample size is increased, which satisfies component 3 of section 3. The response 

indicates that the maximum sample mean needed to reject the null hypothesis will increase when the sample size 

increases because the response has been consistent with finding the lower five percent in the rejection region, and 

component 3 of section 3 is satisfied. Because three of the four components are satisfied, section 3 was scored as 

partially correct. Because two sections were scored as partially correct, and one section was scored as incorrect, the 

response earned a score of 1. 
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